Cotton boll weevil Anthonomus grandis causes severe cotton crop losses in North and South America. This report demonstrates the presence of cysteine proteinase activity in cotton boll weevil, an essential enzyme of protein metabolism for many crop pests. A cysteine proteinase cDNA from A. grandis larvae (Agcys1) was isolated using RT-PCR followed by 5' and 3' RACE techniques. The molecular mass and theoretical pI value of the encoded protein were 35.5 kDa and pH 6.0, respectively. Cysteine proteinase inhibitors from different sources were assayed against A. grandis proteinases but, unexpectedly, no inhibitor tested was highly effective. Despite none of the inhibitor tested was effective against A. grandis cysteine proteinases, the molecular and biochemical data of Agcys1 provided a characterization framework of this target enzymes. These data are mostly readily interpreted by proposing a molecular model of Agcys1, which shares the Cys-His-Asn catalytic triad characteristic of this proteinase family. The predicted model will be useful on discovery of novel compounds that could be utilized to inhibit cotton boll weevil cysteine proteinases.
INTRODUCTION
The cotton boll weevil, Anthonomus grandis (Boheman, 1843) (Coleoptera: curculionidae), is a destructive pest of cotton throughout the South and North Americas. The adult female feeds, oviposits and develops primarily in the flower buds. The larvae remain within the bud after hatching from the egg, using it as a food source and as protective habitat. The growth and development of cotton boll weevil is extremely dependent of larval digestive enzymes. Diverse types of insect digestive enzymes release amino acids and sugars from dietary protein and carbohydrate. Cysteine proteinases (EC 3.4.22) compose one class of digestive enzymes widely distributed among coleopteran species (1). These digestive enzymes were isolated and partially characterized from pests as the bean weevil Acanthoscelides obtectus and cowpea weevil Callosobruchus maculatus (2) and despite of apparent importance in the digestive process, its characterization has not progressed very far. The use of cysteine proteinases may be an evolutionary adaptation that allows insects to feed on leguminosae seeds and other plant tissues that are naturally rich in serine proteinase inhibitors (3). The use of genes encoding proteinase inhibitors (PI) for transformation of crop genomes represents an alternative to the use of Bacillus thuringiensis (Bt) endotoxin to control pest insects. However, few studies have reported the successful control of a coleoptera species using cysteine proteinase inhibitors. One example involving the constitutive expression of the rice cysteine proteinase inhibitor, oryzacystatin, by transgenic poplar trees, thereby conferring resistance toward the coleopteran pest Chrysomela tremulae (4). Here, we report the cloning of a cysteine proteinase cDNA from cotton boll weevil A. grandis, as a first step towards understanding the role of this class of enzymes in the digestive system of A. grandis.
EXPERIMENTAL PROCEDURES

Isolation of midgut fluid
The guts were surgically removed from larvae and adult insects and placed into an iso-osmotic saline (0.15 M NaCl). Midgut tissues were homogenized and centrifuged for 10 min at 10,000 g at 4 o C and the supernatant was removed and used for enzymatic assays.
Proteinase and proteinase inhibitory assays
Papain and E-64 were purchased from Sigma Co., St. Louis, USA and midgut proteinases from A. grandis larvae (AgPL) and adult insects (AgPA) were used for enzymatic assays. The inhibitor PTPKI was purified from Prosopis juliflora seeds. CCPI and Chagasin were expressed in E. coli cells. As negative control, a purified SKTI was used. Proteolytic inhibitory activity was tested against papain using 10 µM fluorogenic peptides Z-CBZ-Phe-Arg-7-AMC. The assays were performed in 25 mM Tris-HCl, pH 6.0 and 20 mM DMSO.
RT-PCR, 5' and 3' RACE Amplifications
Reverse transcription of A. grandis total RNA was performed using oligo d(T)-anchor primer and AMV-RT (Boeringer Mannhein) according to the manufacturer's protocol. For the RT-PCR amplifications, two primers AgcystA and AgcystBinv were designed, which correspond to short sequences conserved in a number of insect cysteine proteinases. To obtain the complete cDNA sequences, the 5' and 3' ends were amplified using a 5'/3' RACE Kit (Boehringer Mannhein).
Southern Blots
A. grandis genomic DNA was isolated as previously described in the manufacturer's protocol..
Northern Blots
Total RNA from A. grandis developmental stages corresponding to third instar larvae, third instar larvae midguts, pupa, non-feeding adult, 10-days-old adults, and 10-days-old adults midguts, was prepared using the RNeasy RNA extraction kit (Qiagen).
Sequence Analysis and Molecular Modelling
Homologous sequences in the database were found with FASTA. Sequence alignments were obtained using CLUSTALW and processed using ALSCRIPT. Protein modelling was carried out using MODELLER-6.
RESULTS
Detection of cysteine proteinase activity in A. grandis
Cysteine proteolytic activity was clearly present in crude extracts of either larval or adult A. grandis. We observed that cysteine proteinase activity was present in the midgut through testing of extracts of isolated midguts.
Cloning and characterization of a cDNA encoding a putative cysteine proteinase from A. grandis
The Agcyst1 cDNA contains a 960 bp open reading frame encoding a predicted protein of 322 amino acids. The sequence contained a predicted signal peptide of 16 residues followed by a pro-region with 96 amino acids. The pI value of the predicted mature Agcyst1 is 6.0, and its predicted molecular mass is 35,540 Da. Agcyst1 cDNA has short 5´ and 3´ untranslated regions, producing final transcripts about 1.1 kb long. In order to analyze gene copy number, a genomic Southern blot was performed using the Agcyst1 cDNA as probe. The results of this hybridization indicate that Agcyst1 is present in, at most, a few copies. Hybridizations of the labeled Agcyst1 cDNA with total RNA extracted from different developmental stages of the A. grandis life cycle were done. A single band of 1.0 kb was observed, which conforms to the size of the cloned cDNA. Expression of Agcyst1 is concentrated mainly in the gut of feeding larvae. Expression was not detected in neonate larvae, pupa, non-feeding adults, feeding adults insects and in the gut of 10-days-old adult. These results indicate expression of Agcyst1 is induced upon feeding and concentrated in the gut of third instar larvae insects.
Inhibitory assays toward the cysteine proteinases from A. grandis midguts
The plant inhibitors from cowpea seeds (CCPI), that belongs to phytocystatin family, and from Prosopis juliflora seeds (PTPKI), a Kunitz-type inhibitor, showed negligible activity towards both adult and larvae, with the exception of PTPKI on larval enzyme. There, an apparent 18% reduction in activity was observed, although the results of application of the CCPI test failed to achieve significance levels. Similarly, the protozoan inhibitor chagasin also was not able to inhibit the proteolytic activity for either developmental form of cotton boll weevil. The insignificant inhibition of A. grandis cysteine proteinase activity by any of these three inhibitors is all the more surprising since they are of proven effectiveness against a variety of insect cysteine proteinases.
Sequence analysis and Molecular Modeling
The deduced amino acid sequence of Agcyst1 is homologous to other cysteine proteinase sequences from insects. Database searches showed that the most significantly similar known sequences are from the Coleopterans, alfalfa weevil, Hypera postica (58% identity) and western corn rootworm, Diabrotica virgifera virgifera (47% identity). Agcyst1 also has 41% identity with sequences from Drosophila melanogaster (Diptera), and 40% identity with the enzyme from Bombix mori (Lepdoptera).
DISCUSSION
Enzymatic assay with larval and adult midgut extract from A. grandis showed high cysteine proteinase activity in larval midgut. Midgut extract from A. grandis reared on natural or artificial diet was enzymatic assayed in order to determine any effect of diet on cysteine proteinase expression and no significant difference was observed. In this study, we have cloned an cDNA, termed Agcys1, encoding a putative cysteine proteinase from A. grandis. The deduced amino acid sequence of Agcyst1 showed various characteristics common to other cysteine proteinases of animal and plant origins (5). For example, the cysteine residues that form disulfide bonds in papain mature protein amino acid sequences between positions 22-63, 56-95 and 153-200 (6) are conserved in other cysteine proteinases and are also present in the Agcyst1 sequence. The Agcyst1 polypeptide has a signal peptide consisting of a consecutive sequence of 16 hydrophobic amino acids near the amino-terminus, immediately preceded by lysine and characteristically followed by a region with both positive and negative charges. The presence of cysteine proteinase in the A. grandis alimentary tract and the reliance upon these enzymes for feeding may represent a new strategy to control this pest with proteinaceous cysteine proteinase inhibitor. On the boll weevil third instar larvae a stronger sign was observed in the midgut tissue showing a higher expression of cysteine proteinase cDNA in the midgut. It is probable that A. grandis larvae regulates gut cysteine proteinase expression in the same way as most other insects in response to protein in their food. The Agcyst1 cDNA encoding a putative cysteine proteinase shares high identity with other insect cysteine proteinases and sequence comparisons shows that it seems to possess all the characteristics of the active cysteine proteinases. The surprising characteristic of A. grandis cysteine proteinase activity is its non-inhibition by the three diverse inhibitors tested here. Although it remains to be established to what extent Agcys1 is responsible for this activity, the molecular model of Agcyst1 produced here should provide a good basis for understanding the inhibition characteristics of this protein. Despite the lack of effect of the inhibitors tested here, cysteine proteinases are good target enzymes to inhibit for the purpose of insect control because higher animals do not utilize this class of enzyme for digestion (7). Proteinaceous cysteine proteinases inhibitors could be manipulated by classical host plant resistance and genetic engineering approaches to create plant varieties resistant to infestation by Coleoptera. Efforts to transform plants with cysteine proteinase inhibitors genes are underway. A strategy that has been suggested to maximize the utility of this technology is not only to use single genes, but also to use gene combinations whose products are targeted to different biochemical and physiological processes within the insect. In this way greater effectiveness will be combined with a lower probability of development of resistance. In this particular case, given the lack of effect of three proteinaceous inhibitor classes on A. grandis cysteine proteinase activity, the pro-region(s) of the insect's proteinase(s) may represent particularly attractive candidates. These are guaranteed to have inhibitory activity as well as having the advantage of the specificity exhibited by each individual pro-region for its own enzyme (8).
